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After removal of starch, cell wall polysaccharides of seeds of quinoa were studied. They were extracted
successively with water and with aq. 10% KOH. The extracted polysaccharides were fractionated and
puriﬁed by freeze–thaw treatment and by sequential ultraﬁltration through membranes. The puriﬁed
fractions (PQW, K2-30EM, K1-10RM and K1-30RM) were analyzed by sugar composition, HPSEC, meth-
ylation and 13C NMR spectroscopy analysis. The results showed that PQW consisted of a linear arabinan
with (1? 5)-linked a-L-arabinofuranosyl units. Fractions K2-30EM, K1-10RM and K1-30RM were related
to rhamnogalacturonan type I with a branched arabinan and galactan side-chains. This arabinan has
(1? 5)-linked a-L-arabinofuranosyl units substituted exclusively in O-3. The main differences between
these fractions were their molecular mass and content of Rha and GalA, which probably arise from an
increase in their rhamnogalacturonan backbone. A pool of these polysaccharides (arabinan and arab-
inan-rich pectic polysaccharides) showed gastroprotective activity on ethanol-induced acute gastric
lesions in rats.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
Quinoa (Chenopodium quinoaWild) is a pseudocereal of Andean
origin and is used principally in the samemanner as wheat and rice
(Hirose, Fujita, Ishii, & Ueno, 2010). There has been increasing
interest in quinoa due to its superior nutritional quality compared
to other grains and for not having gluten. Thus, quinoa is an alter-
native ingredient in the gluten-free diet and can be used by per-
sons who suffer from celiac disease (Alvarez-Jubete, Arendt, &
Gallagher, 2010). For these reasons, different studies have been
carried out on the chemical composition of the quinoa seeds in
the last decade and this pseudocereal has been noted as a new
foodstuff in the world (Hirose et al., 2010).
The studies concerning their proteins revealed that it contains a
balanced essential amino acid composition, with a high content of
essential amino acids, and is thus superior to that of common cere-
als (Drzewiecki et al., 2003).
Lipid content of quinoa is also higher (between 2 and 3 times)
than in common cereals and rich in unsaturated fatty acids, which
are desirable from a nutritional point of view (Alvarez-Jubete,
Arendt, et al., 2010). Moreover, quinoa contains adequate levels: +55 41 32662042.
eiro).
sevier OA license.of important micronutrients such as minerals and vitamins and
signiﬁcant amounts of other bioactive components, such as poly-
phenols, which exerts antioxidative properties (Alvarez-Jubete,
Wijngaard, Arendt, & Gallagher, 2010; Hirose et al., 2010).
Concerning the carbohydrates, they consists the major compo-
nent in quinoa, and varies from 67% to 74% of the dry matter
(Jancurová, Minarovicová, & Dandár, 2009). Starch is the only
carbohydrate reported and its content varies from 51% to 61%,
being stored in the cells of the perisperm. It can be used for
specialized industrial applications due to its small granules, high
viscosity and good freeze–thaw stability (Watanabe, Peng, Tang,
& Mitsunaga, 2007). Moreover, studies have shown that quinoa
represent a good source of dietary ﬁber, with a range from 1.1%
to 16.3%, which is much higher than that of rice (0.4%), wheat
(2.7%) and corn (1.7%) (Alvarez-Jubete, Arendt, et al., 2010). This
is in particular important for celiac disease patients, where the
intake of ﬁber in the gluten-free diet is considered to be inade-
quate, and thus the incorporation of quinoa seeds in their diets
should help alleviate, at least in part, their deﬁcit in ﬁber intake
(Alvarez-Jubete, Arendt, et al., 2010).
The polysaccharides that compose the dietary ﬁber of quinoa
have attracted our attention, and there is no report in the literature
about their structures. Polysaccharides have beneﬁcial effects on
health and are ubiquitous in plant foods. To better understand
938 L.M.C. Cordeiro et al. / Food Chemistry 130 (2012) 937–944the bio-functionality of polysaccharides scientiﬁc elucidation of
the structures responsible for the beneﬁcial effect is very impor-
tant (Yamada, Kiyohara, & Matsumoto, 2003). Thus, in this work
the chemical composition, structural features and gastroprotective
activity of arabinan and arabinan-rich pectic polysaccharides iso-
lated from the seeds of quinoa (C. quinoa) have been described.2. Materials and methods
2.1. Plant material
Seeds of C. quinoa were purchased at local market (QUINUA
REAL).
2.2. General analytical methods
The total lipid quantitation was performed by the method of
Bligh and Dyer (1959).
Fractions were carboxy-reduced by the carbodiimide method
(Taylor & Conrad, 1972), using NaBH4 as the reducing agent, giving
products with the –COOH groups of its uronic acid residues re-
duced to –CH2OH.
2.3. Extraction and puriﬁcation of polysaccharides
Seeds of quinoa (466.6 g) were milled and then deffated with
acetone, in order to remove lipids, pigments and other hydropho-
bic material. The polysaccharides were extracted from the residue
with water at 60 C for 4 h (8, 1 l each). The aqueous extracts
were obtained by centrifugation (3860g, 20 min at 25 C), joined
and concentrated under reduced pressure. The polysaccharides
were precipitated with EtOH (3 vol.) and freeze-dried, giving frac-
tion QW. The remaining residue was then extracted twice (1 l each)
with aq. 10% KOH, at 100 C for 4 h and the alkaline extracts were
neutralized with acetic acid, dialyzed for 48 h with tap water, con-
centrated under reduced pressure and freeze-dried, originating
fractions QK1 and QK2.
In order to remove starch, fractions QW, QK1 and QK2 were
extensively treated with a-amylase (from Bacillus licheniformis,
Sigma A3403) and dialyzed. Moreover, to remove proteins, they
were treated with 10% aqueous trichloroacetic acid and/or Pronase
(Roche) and newly dialyzed. Then, a freeze–thaw treatment was
applied in these fractions, to give cold-water soluble fractions
SQW, SQK1 and SQK2. In this procedure, the sample was frozen
and then thaw at room temperature. Insoluble polysaccharides
were recovered by centrifugation.
The cold-water soluble polysaccharides were puriﬁed by
sequential ultraﬁltration through membranes (Millipore) with
cut-offs of 100 kDa (PLHK04710-Ultracel), 30 kDa (PLTK04710-
Ultracel) and 10 kDa (PLGC04710-Ultracel).
The yields were expressed as percentage based on the initial
weight of quinoa seeds that were submitted to extraction (466.6 g).
2.4. Sugar composition
Neutral monosaccharide components of the polysaccharides
and their ratio were determined by hydrolysis with 2 M TFA for
8 h at 100 C, followed by conversion to alditol acetates by succes-
sive NaBH4 or NaBD4 reduction, and acetylation with Ac2O-pyri-
dine (1:1, v/v, 1 ml) at room temperature for 14 h, and the
resulting alditol acetates extracted with CHCl3. These were ana-
lyzed by GC–MS using a Varian model 3300 gas chromatograph
linked to a Finnigan Ion-Trap model (ITD 800) mass spectrometer,
with He as carrier gas. A capillary column (30 m  0.25 mm i.d.) of
DB-225, hold at 50 C during injection for 1 min, then programmedat 40 C/min to 220 C and hold at this constant temperature for
19.75 min was used for the quantitative analysis.
Uronic acid contents were determined using the m-hydroxybi-
phenyl method (Filisetti-Cozzi & Carpita, 1991).2.5. Determination of homogeneity of polysaccharides and molecular
weight of components
The homogeneity and average molar mass (Mw) of soluble poly-
saccharides were determined by high performance steric exclusion
chromatography (HPSEC), using a differential refractometer
(Waters) as detection equipment. Four columns were used in ser-
ies, with exclusion sizes of 7  106 Da (Ultrahydrogel 2000,
Waters), 4  105 Da (Ultrahydrogel 500, Waters), 8  104 Da
(Ultrahydrogel 250, Waters) and 5  103 Da (Ultrahydrogel 120,
Waters). The eluent was 0.1 M aq. NaNO2 containing 200 ppm aq.
NaN3 at 0.6 ml/min. The sample, previously ﬁltered through a
membrane (0.22 lm, Millipore), was injected (250 ll loop) at a
concentration of 1 mg/ml. The speciﬁc refractive index increment
(dn/dc) was determined and the results were processed with soft-
ware ASTRA provided by the manufacturer (Wyatt Technologies).2.6. Methylation analysis of polysaccharide
The puriﬁed polysaccharides were O-methylated according to
the method of Ciucanu and Kerek (1984), using powdered NaOH
in DMSO-MeI. The per-O-methylated derivatives were pre-treated
with 72% v/v H2SO4 for 1 h at 0 C and then hydrolyzed for 16 h at
100 C after dilution of the H2SO4 to 8%. This was then neutralized
with BaCO3 and the resulting mixture of partially O-methylated
monosaccharides was successively reduced with NaBD4 and acety-
lated with Ac2O-pyridine. The products (partially O-methylated
alditol acetates) were examined by capillary GC–MS. A capillary
column (30 m  0.25 mm i.d.) of DB-225, held at 50 C during
injection for 1 min, then programmed at 40 C/min to 210 C and
held at this temperature for 31 min was used for separation. The
partially O-methylated alditol acetates were identiﬁed by their
typical electron impact breakdown proﬁles and retention times
(Sassaki, Iacomini, & Gorin, 2005).2.7. Nuclear magnetic resonance (NMR) spectroscopy
13C NMR spectra and DEPT-135 experiment (Distortionless
Enhancement by Polarization Transfer) were obtained with a Bru-
ker DRX 400 MHz AVANCE III NMR spectrometer (Bruker Daltonics,
Germany), according to standard Bruker procedures. Analyses were
performed with a 5 mm inverse gradient probe, at 50 C, the water
soluble samples being dissolved in D2O and the water-insoluble
ones in Me2SO-d6. Chemical shifts are expressed as d PPM, using
the resonances of CH3 groups of acetone internal standard (d
30.2), or Me2SO-d6 (d 39.7). The spectra were handled using the
computer program Topspin (Bruker) and the assignments were
performed using 13C (zgpg) and DEPT-135 (dept135) programs.2.8. Animals
Experiments were conducted using female Wistar rats
(180–250 g), provided by the Federal University of Paraná colony.
Animals were kept under standard laboratory conditions (12 h
light/dark cycles, temperature 22 ± 2 C) with food and water
provided ad libitum. The study was conducted in accordance with
the ‘‘Principles of Laboratory Animal Care’’ (NIH Publication
85-23, revised 1985) and approved by local Ethics Committee
(CEEA/UFPR; approval number 473).
Table 1
Monosaccharide composition of fractions obtained from the seeds of quinoa
(Chenopodium quinoa).
Fraction Neutral sugarsa Uronic acidb
Rha Ara Gal
SQW 2.0 66.0 5.0 27.0
SQK1 6.8 81.0 8.2 4.0
SQK2 6.0 72.9 5.4 15.7
PQW – 98.5 – –
K2-30EM Trc 93 2 5
K1-10RM 3 83 5 9
K1-30RM 7 67 6 20
a The percentage of peak area relative to total peak areas, determined by GC–MS.
b Determined using the m-hydroxybiphenyl method (Filisetti-Cozzi & Carpita,
1991).
c Trace.
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Rats were fasted overnight (18 h) prior to the experiment, but
were allowed free access to water. Animals were orally treated
with vehicle (water plus Tween 80 at 0.2%, 10 ml/kg), omeprazole
(40 mg/kg) or SQW (10, 30 and 100 mg/kg) 1 h before intragastric
administration of ethanol P.A. (0.5 ml). The animals were sacriﬁced
1 h after ethanol administration (Robert, Nezamis, Lancaster, &
Hanchar, 1979). To determine the area of gastric lesions, the stom-
ach was removed, opened along the greater curvature and photo-
graphed and gross gastric injury was measured by computerized
planimetry using the program Image Tool 3.0. The area of mucosal
hemorrhagic damage was expressed as a percentage of the total
area of the glandular mucosa.
2.10. Statistical analysis
Data were expressed as means ± standard error of mean (S.E.M.)
with EIGHT animals per group, except that the 50% inhibition dose
value (ID50, i.e. the dose of SQW reducing the gastric lesions by
50%, relative to the control value), which are presented as geometric
means accompanied by their respective 95% conﬁdence limits. The
ID50 values were determined by nonlinear regression using nonlin-
ear regression Graph-Pad software (GraphPad software, San Diego,
CA, USA). Differences between means were determined by one-
way analysis of variance (ANOVA) followed by Bonferroni’s post
hoc test. Differences were considered to be signiﬁcant when P < 0.05.3. Results
3.1. Extraction and characterization of polysaccharides
Seeds of quinoa were milled and the total lipid in the sample
was 3.2%, as determined by the Bligh and Dyer (1959) method. This
is in accordance with previous studies, where quinoa contained 2%
to 10% of fat (Jancurová et al., 2009). These lipids were removed
with acetone and the polysaccharides were extracted from the
defatted residue with water at 60 C. The aqueous extracts were
treated with 3 vol. of EtOH, recovering the polysaccharides by cen-
trifugation (fraction QW, 11.0% yield).
The residue obtained after the aqueous extraction was further
twice extracted with aq. 10% KOH (100 C), giving fractions QK1
and QK2 in 13.3% and 29.3% yield, respectively. A monosaccharide
analysis of fractions QW, QK1 and QK2 indicated high starch con-
tent (90% of glucose) in all fractions. This would be expected once
starch is the major component of quinoa and comprises about 60%
of the seeds (Watanabe et al., 2007). Thus, fractions QW, QK1 and
QK2 were treated with a-amylase and deproteinized with aq. 10%
trichloroacetic acid and/or Pronase. Then, a freeze–thaw treat-
ment was applied in these fractions, to give cold-water soluble
fractions SQW, SQK1 and SQK2, in 1.7%, 1.0% and 1.0% yield, respec-
tively. The monosaccharide composition of these fractions is given
in Table 1. The results of sugar analysis revealed that arabinose was
a predominant neutral monosaccharide, together with small
amounts of rhamnose and galactose. The content of uronic acids
ranged from 4% to 27%.
From fraction QW, the freeze–thaw treatment also originated a
cold-water insoluble fraction (PQW, 0.1% yield), which on sugar
analysis contained exclusively arabinose, indicating the presence
of an arabinan.
3.2. Fractionation of isolated cold-water soluble polysaccharides
An analysis of the gel permeation elution proﬁle of fractions
SQW, SQK1 and SQK2 (Fig. 1A) showed a mixture of polysaccha-rides, with fraction SQK1 showing the smallest number of peaks.
For this reason, this fraction was the ﬁrst to be submitted to puri-
ﬁcation by sequential ultraﬁltration through membranes with cut-
offs of 100, 30 and 10 kDa (Fig. 1C). This strategy was highly efﬁ-
cient, once it produced two puriﬁed fractions (K1-30RM and K1-
10RM), as could be seen by their homogeneous elution proﬁle on
HPSEC analysis (Fig. 1B). Their molecular mass were 82 kDa (dn/
dc = 0.142) and 32 kDa (dn/dc = 0.165), respectively. Later, fraction
SQK2 was also submitted to puriﬁcation by sequential ultraﬁltra-
tion through those membranes, and a puriﬁed fraction (K2-
30EM) with a molecular mass of 32 kDa (dn/dc = 0.167) was also
obtained (Fig. 1B).
The resulting puriﬁed fractions PQW, K1-30RM, K1-10RM and
K2-30EM were characterized by sugar, methylation and NMR
analysis.
3.3. Characterization of major polysaccharide fractions
3.3.1. Characterization of fraction PQW
The monosaccharide analysis of PQW reported in Table 1
showed that this fraction contained only arabinose and therefore
corresponded to an arabinan. The 13C NMR spectrum is given in
Fig. 2A. The data suggested that the arabinan contained a linear
structure and (1? 5)-linked a-L-arabinofuranosyl units, due to
the presence of exclusively ﬁve signals in the spectrum. The assign-
ments of the carbon-13 signals were done according to the litera-
ture (Swamy & Salimath, 1991; Thude & Classen, 2005), with peaks
at 108.2 (C-1), 82.1 (C-4), 81.7 (C-2), 77.7 (C-3) and 67.2 ppm (C-5).
The C-5 O-substitution was conﬁrmed with DEPT-135 experiment,
which shows positive signals for all CH and CH3 carbon atoms in
the molecule, while CH2 carbon atoms are shown as negative sig-
nals. The DEPT-135 spectrum of fraction PQW (Fig. 2A, Insert) dem-
onstrated an inverted signal at 67.2 ppm, and due to its low ﬁeld
resonance corresponds to substituted CH2–OH (C-5 of Araf units).
3.3.2. Characterization of K2-30EM
The monosaccharide composition of K2-30EM is reported in Ta-
ble 1 and showed that this fraction contained high amounts of
arabinose (93%). However, other monosaccharides were also de-
tected such as rhamnose, galactose and uronic acid. The methyla-
tion data are reported in Table 2 and indicated structural
differences with the arabinan of the PQW fraction. The results sug-
gested that the arabinan of K2-30EM contained a (1? 5)-linked
Araf backbone, but is branched. The degree of branching was
around 19% and exclusively in O-3 (15% of 2-Me-Ara). The presence
of 2,5-Me2-arabinitol suggested that the side-chains contained
(1? 3)-linked Araf residues, although this is reported in very small
proportion (3.4%). Therefore, the relatively high proportion of ter-
minal Araf units indicated that the side-chains are constituted
mainly by only one arabinose unit.
Fig. 1. (A) HPSEC elution proﬁle of fractions SQW, SQK1 and SQK2; (B) HPSEC elution proﬁle of fractions K1-30RM (j), K1-10RM () and K2-30EM (N), refractive index
detector and (C) Scheme of puriﬁcation of polysaccharides from fraction SQK1 obtained from seeds of quinoa. RM indicates that the fraction was retained, while EM indicates
that the fraction was eluted in the ultraﬁltration membrane.
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itol and 3-Me-rhamnitol (Table 2), indicating that the rhamnose
units were 2-O- and 2,4-di-O-substituted. Due to small% of uronic
acid (5%), this sample was not carboxy-reduced, and thus, the
methylated derivatives from GalA were not detected in the meth-
ylation analysis. The presence of 2-O- and 2,4-di-O-substituted Rha
units, as well as the same% of these derivatives with those of uronic
acids is indicative that K2-30EM has a backbone constituted of the
disaccharide repeating unit ? 2)-a-Rhap-(1? 4)-a-GalpA-(1?,
characteristic of type I rhamnogalacturonan backbone of pectic
polysaccharides. The side-chains are attached to the backbone atthe O-4 position of rhamnose units, and consisted of the arabinan
and some galactose units. These were detected only as non-reduc-
ing end units (2,3,4,6-Me4-galactitol acetate, Table 2), indicating
that the side-chains consisted in fact of single galactose units.
Its 13C NMR spectrum is given in Fig. 2B. The assignments of
the signals of the arabinan were based on published literature
data (Dourado, Cardoso, Silva, Gama, & Coimbra, 2006; Navarro,
Cerezo, & Stortz, 2002) and are shown in Table 3. Signals of
3-O-susbtituted Araf units and rhamnose, galactose and galact-
uronic acid were not observed in the spectrum due to their very
small amounts.
Fig. 2. 13C NMR spectrum of (A) linear arabinan (fraction PQW). Insert: DEPT experiment, (B) fraction K2-30EM, (C) fraction K1-10RM and (D) fraction K1-30RM. Chemical
shifts are expressed as d ppm. In (A) sample was dissolved in Me2SO-d6, while in (B), (C) and (D) the samples were dissolved in D2O.
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Table 2
Linkage types based on analysis of partially O-methyl alditol acetates obtained from methylated fractions of the seeds of quinoa (Chenopodium
quinoa).
Partially O-methylalditol acetate K2-30EMa K1-10RM-CRa K1-30RM-CRa Linkage typeb
2,3,5-Me3-Ara 11.0 12.6 7.2 Araf-(1?
2,5-Me2-Ara 3.4 5.0 2.5 ? 3)-Araf-(1?
2,3-Me2-Ara 63.0 39.1 40.5 ? 5)-Araf-(1?
2-Me-Ara 15.0 12.3 6.5 ? 3,5)-Araf-(1?
3,4-Me2-Rha 2.4 8.5 13.0 ? 2)-Rhap-(1?
3-Me-Rha 1.9 1.5 5.0 ? 2,4)-Rhap-(1?
2,3,4,6-Me4-Gal 3.3 4.8 2.5 Galp-(1?
2,4,6-Me3-Gal – – 1.5 ? 3)-Galp-(1?
2,3,4-Me3-Gal – 4.0 1.8 ? 6)-Galp-(1?
2,4-Me2-Gal – 4.0 2.0 ? 3,6)-Galp-(1?
2,3,6-Me3-Gal – 8.2 17.5 ? 4)-Galp-(1?
a The percentage of peak area of O-methylalditol acetates relative to total area, determined by GC–MS.
b Based on derived O-methylalditol acetates.
Table 3
13C NMR chemical shifts (d) of arabinan (fraction K2-30EM) obtained from the seeds




C-1 107.5 107.5 107.1
C-2 80.9 79.2 81.3
C-3 76.9 82.3 76.7
C-4 82.3 81.5 83.9
C-5 66.9 66.6 61.2
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(exclusively in O-3) and which probably is linked to a type I
rhamnogalacturonan through O-4 of some of the rhamnosyl units.3.3.3. Characterization of K1-10RM and K1-30RM
The monosaccharide compositions of K1-10RM and K1-30RM
are reported in Table 1 and showed that these fractions are still
dominated by arabinose, with small amounts of galactose and
rhamnose. However, they contain larger amounts of uronic acid
(9.0% and 20.0%, respectively) than fraction K2-30EM. Therefore,
the methylation was performed in carboxyl-reduced samples and
the data are shown in Table 2. Without reduction of uronic acids,
the hydrolysis of the polysaccharides are incomplete, resulting in
formation of aldobiouronic acids and missing detection of uronic
acids and neighboring linked neutral monosaccharides (Thude &
Classen, 2005). Methylation data of carboxyl-reduced samples
indicated that the same methyl arabinitol acetates already de-
tected in K2-30EM were found in K1-10RM and K1-30RM, but in
different proportions, suggesting a similar arabinan structure.
The methylated derivatives of rhamnose were also 3,4-Me2-
rhamnitol and 3-Me-rhamnitol (Table 2), detected in ratios of
8.5:1.5 and 13:5 in K1-10RM and K1-30RM, respectively. This indi-
cated that the 2,4-di-O-substituted rhamnose accounted for 15%
and 27.8% of the total rhamnose, respectively. The appearance of
2,3,6-Me3-galactitol in carboxyl-reduced and its absence in the na-
tive methylated samples (data not shown) indicated (1? 4)-linked
galacturonic acid units. Moreover, their presence in approximately
equal amount to the sum of methyl rhamnitol acetates indicated
that there is one GalpA per Rha unit, suggesting the disaccharide-
repeating unit of the backbone of type I rhamnogalacturonan.
The galactose units were found as terminal, 6-O- and 3,6-di-O-
substituted in K1-10RM, and terminal, 3-O-, 6-O- and 3,6-di-O-
substituted in K1-30RM (Table 2). These data suggested short
galactans as side-chains of the type I rhamnogalacturonan.
The 13C NMR spectra of K1-10RM and K1-30RM are shown in
Fig. 2C and D, respectively. They presented the signals of a-L-arabi-nofuranosyl moieties, with C-1 signals at 106.3, 107.1, 107.5, 108.0
and 109.2 ppm. The anomeric signals of the galactan side-chains
were at 101.3, 102.6 and 103.3 ppm, while the characteristic ano-
meric signals of rhamnose and galacturonic acid units were at 96.8,
97.5, 97.9 and 98.3 ppm. The intensity of the signals of galactose,
rhamnose and galacturonic acid are in accordance with the sugar
analysis, with K1-30RM showing higher amounts of these mono-
saccharides and consequently more intense peaks. Therefore, in
this fraction was possible to observe the carboxy signal of the Gal-
pA at 174.6 ppm, and the CH3-6 of Rhap units at 16.6 and 16.8 ppm.
The results suggested the presence of an arabinan-rich pectic
polysaccharide. It is worth noting that the main differences be-
tween K1-10RM and K1-30RMwere their molecular mass and con-
tent of rhamnose and galacturonic acid. Fraction K1-30RM showed
higher molecular mass (82 kDa) and this probably arise from an in-
crease in the rhamnogalacturonan backbone, due to their sugar
analysis that revealed higher amounts of Rha and GalA. This is sup-
ported by the evaluation of the degree of polymerization of pectic
arabinans cited by Cardoso, Ferreira, Mafra, Silva, and Coimbra
(2007) and which is estimated by the total Araf/(1? 2,4)-Rhap ra-
tio. This ratio was 46 for fraction K1-10RM, with a great decrease
occurring for fraction K1-30RM, which demonstrated a ratio of
11. This result suggests that the arabinan chain of fraction K1-
30RM must be shorter in comparison with the arabinan from the
fraction K1-10RM.3.4. Evaluation of gastroprotective effects
In order to investigate the biological properties of polysaccha-
rides isolated of C. quinoa, it was chosen to evaluate their possible
antiulcer effect using the ethanol-induced acute gastric lesions in
rats. This test has long been used to measure the mucosa damage
preventive properties of new agents. Ethanol-induced gastric in-
jury is associated to its capacity of dissolving the gastric mucus
layer as well as to stimulating histamine, pepsin and H+ ions secre-
tion, and is characterized by marked and diffused areas of hemor-
rhage in the stomach, as previously reported by Szabo (1987).
The gastroprotective effect of a pool of polysaccharides (arab-
inan and arabinan-rich pectic polysaccharides) present in the seeds
of quinoa rather than a puriﬁed fraction was tested. For this reason,
SQW was chosen once it represents a mixture of all polyssacha-
rides that have been puriﬁed, as could be seen by its elution proﬁle
on gel permeation (Fig. 1A). Thus, orally administration of 30 and
100 mg/kg of SQW, 1 h before the induction of gastric lesions with
ethanol P.A., resulted in signiﬁcant reduction of lesion area by
45 ± 9% and 72 ± 7%, respectively, compared to the control group
treated with vehicle (Fig. 3). The dose of SQW calculated as
necessary to inhibit 50% of ethanol-induced gastric lesions (ID50)
Fig. 3. Gastroprotective effect of fraction SQW from Chenopodium quinoa against
acute gastric lesions induced by ethanol P.A. The animals received: vehicle (water
plus Tween 80 at 0.2%, 10 ml/kg, p.o.), omeprazole (40 mg/kg, p.o.) and doses of
SQW (10, 30 and 100 mg/kg, p.o.). The results are expressed as mean ± S.E.M. (n = 8).
Statistical comparison was performed using analysis of variance (ANOVA) followed
by post hoc Bonferroni’s test. Differences from Vehicle group (⁄P < 0.05 and
⁄⁄⁄P < 0.001).
L.M.C. Cordeiro et al. / Food Chemistry 130 (2012) 937–944 943was 38.59 (21.13–70.46) mg/kg. The positive control, Omeprazole
(40 mg/kg, p.o.), a potent inhibitor of acid secretion that protects
the stomach against ethanol-induced ulcer formation, inhibited
the gastric lesions in 84 ± 5%.4. Discussion
Arabinans are found in primary cell walls of different parts of
plants of many families, notably in seeds, fruits, bark of stems
and roots (Navarro et al., 2002). They usually carry a backbone of
(1? 5)-linked-a-L-arabinofuranosyl units, and could have a linear
or branched structure, being this last one the most commonly re-
ported in the literature. Linear (1? 5) arabinans were encountered
only in apple juice (Churms, Merriﬁeld, Stephen, & Walwyn, 1983)
and in Schizolobium parahybae and Cassia fastuosa seeds (Petkovicz,
Sierakowski, Ganter, & Reicher, 1998). The arabinan present in
PQW is similar to these linear arabinans.
The arabinans present in K2-30EM, K1-10RM and K1-30RM
showed (1? 5)-linked Araf backbone and branched exclusively
in O-3. Similar arabinans, which showed the same type of linkage,
but in different molar ratios, were not found in seeds, but only in
grape juice (Villettaz, Amado, & Neukom, 1981), in the olive pom-
ace (Cardoso, Silva, & Coimbra, 2002) and in the roots of Echinacea
pallida (Thude & Classen, 2005). In seeds, the highest proportion of
branching was encountered most on O-2 rather than in O-3, as
exempliﬁed by arabinans from the seeds of Cajanus cajan (Swamy
& Salimath, 1991), Gleditsia triacanthos (Navarro et al., 2002), Opun-
tia ﬁcus-indica (Habibi, Mahrouz, & Vignon, 2005) and Caesalpinia
bonduc (Mandal et al., 2011). Higher proportion of branching on
O-3 than in O-2 was only found in arabinans from soybean (Aspin-
all & Cottrell, 1971), cowpea (Muralikrishna & Tharanathan, 1986)
and almond (Dourado et al., 2006).
The nutritional excellence of quinoa has been known since an-
cient times in the Inca Empire. Nowadays, quinoa has been recog-
nized for its nutritional beneﬁts all over the world, and for its
protein, mineral and vitamin contents (Jancurová et al., 2009).
The use of quinoa for medicinal purposes has been rarely reported.
It is well established in the literature that plant polysaccharides
belongs to a class of bioactive natural products and exhibit a
variety of biological activities. The present investigation has led
to the structural characterization of a pool of polysaccharides
(arabinan and arabinan-rich pectic polysaccharides) present in
the seeds of quinoa that demonstrated an anti-ulcer activity. This
ﬁnding is of interest because the single oral pretreatment with
SQW signiﬁcantly reduced the ethanol-induced gastric damage.Gastroprotection is a biological activity which was previously re-
ported for other polysaccharides, such as arabinogalactan (Tanaka
et al., 2010), galactomannoglucan (Silva & Parente, 2010) and
acidic heteroxylan (Cipriani et al., 2008). This is the ﬁrst study that
demonstrated this biological activity to arabinan/arabinan-rich
pectic polysaccharides.
In the case of gastric ulcers induced by absolute ethanol, the
polysaccharide probably interferes with the ulcerogenic mecha-
nism, showing a cytoprotective property. The protection of the gas-
tric mucosa could be due to the ability of the polysaccharide to
increase the mucus synthesis and/or to its ability to bind to the
surface mucosa and exert a protective coating. The mucus barrier
is an important protective factor for the gastric mucosa against
acute attack, preventing the penetration of the necrotizing agent
(Silva & Parente, 2010).
Finally, this research strengthens the properties of quinoa as an
extremely healthy food of the future and can open new avenues for
its use as a functional food.
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